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REMARKS 

This Amendment is in response to the Office Action dated April 19, 2007 in which 
claims 1-12 and 29-35 have been rejected. The rejections are traversed. Reconsideration is 
requested. 

Claims 2-12, 29-30 and 33-36 are currently pending in the application. Claim 33 is 

independent. 

Claim Rejections 35 U.S.C. § 112- First Paragraph - Written Description Rejection 

Claims 1-12 and 29-32 are rejected under 35 U.S.C. §1 12 - First Paragraph, 
asserting that claims directed to a derivative fail to comply with the written description 
requirement. Applicant does not agree. 

The statement that the Applicant was not in possession of any derivatives of 
cyclopamine is mistaken. Several derivatives of cyclopamine as defined on page 10, lines 8-26 of 
the specification of application were well-known publicly in prior art. 

The inhibition of Hedgehog (Hh) signaling by teratogenic Veratrum alkaloids, e.g. 
cyclopamine (1 1-deoxojervine) and jervine, had been known (see the publications cited on page 3, 
lines 5-6 of specification) and for example the publication cited on page 3, line 13 of specification 
describes a synthetic derivative of cyclopamine that inhibits Hh signaling. Molecular structures 
and configuration features distinguishing the teratogenic from non-teratogenic steroidal alkaloids 
of Veratrum plants had also been identified correctly in prior art (Keeler RF, Teratology 
1 970;3 : 1 69- 1 73). Total chemical synthesis of these naturally occurring steroidal alkaloids (both 
those that inhibit Hh signaling and not) and of various derivatives thereof had been described in 
prior art along with detailed physical and chemical characteristics of each (e.g. Kutney JP et al, 
Canadian Journal of Chemistry 1975;53: 1796-1817). It is not necessary nor is it desirable to 
elaborate in the specification of an application on the publicly well-known matter in art. A person 
skilled in the art would readily distinguish a molecule that is suitable to use in the described 
method from a molecule that is unsuitable by reference to the clear functional definition of a 
"derivative of cyclopamine" in specification (page 10, lines 8-26) especially considering that 
particular examples of such compounds had been well known in art. 
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Representative specific compounds qualifying for the functional definition given on 
page 10, lines 8-26 of specification were common knowledge at the time of filing of present 
application and examples of relevant prior art scientific publications are cited in the specification 
as noted above. Structural features (complete molecular structure) as well as the functionality in 
inhibition of Hh signaling were publicly known. Requirement for teratogenicity of the rigid 
positioning of the piperidine ring in cyclopamine and in other teratogenic Veratrum alkaloids with 
respect to the steroid system as well as the absence of said structural feature in the non- 
teratogenic Veratrum alkaloids had been identified correctly (see Keeler RF, Teratology 
1970;3:169-173, page 170, right column, first paragraph, penultimate sentence). A skilled person 
is well versed in the publicly available scientific-technical information. He/she has no uncertainity 
as to the functional characteristics of a "derivative of cyclopamine" (from the specification of 
application) and he/she would know not only the particular examples of a derivative described in 
prior art but also the structure-function relationships described therein. 

In view of the foregoing explanations and facts, Applicant respectfully disagrees 
with the Written Description rejection. However, having stated this disagreement for the reasons 
of record, Applicant has amended the claims for the purpose of advancing prosecution. Applicant 
has cancelled claims 1 and 3 1-32 and amended claims 2, 3, 5 and 30 to depend from independent 
claim 33, making further changes as needed in some of these claims to conform to the antecedent 
language of claim 33. Claim 7 has also been amended to conform to the antecedent language of 
claim 33. Claim 29 has been made dependent on claim 2. The Written Description rejection has 
thus been rendered moot. Withdrawal of the rejection is respectfully requested. 

Claim Rejections - 35 U.S.C. § 102 - Anticipation Rejection 

Claims 1-6, 8-9, 11-12 and 29-35 have been rejected as anticipated by Beachy et 
al, US 6432970 (Beachy et al '970). The rejections are traversed. Beachy et al *970 does not 
anticipate the invention described in any of claims 1, 31 or 33. Hence, Beachy et al '970 does not 
anticipate the invention of any of the currently pending claims. 

The factual determination of anticipation requires the disclosure of each and every 
element of the claimed invention in a prior art document or else the claimed invention must be 
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inherently present in prior art. A prior art document must enable the invention for it to be 
anticipating and mere naming of a subject matter is insufficient for enablement, if the claimed 
invention cannot be made without undue experimentation. Determination of enablement must be 
made by taking the evidence as a whole, in particular when the teachings in a document are self 
contradicting and ambiguous. In addition, when a patent is making teachings that are inoperative 
and an undue experimentation is required to distinguish inoperative embodiments from those that 
are operative, then there is a clear failure of enablement. 

A. Objection to the Rejection 

The disclosure in Beachy et al '970 is largely overlapping (identical word-by-word 
over extended passages) with that of US 6291516 (Dudek et al '516), US 6686388 (Dudek et al 
'388) and US 6867216 (Beachy et al '216). The anticipation rejections based on Dudek et al'516 
that were made in the Office Action mailed on March 25, 2005 to the originally presented claims 
of this application have been withdrawn in the Office Action mailed on September 1 1 , 2006 
following the Amendment filed on March 9, 2006. 

Because of the largely overlapping disclosures of all four US patents 6291516, 
6432970, 6686388 and 6867216 and because the Office Action mailed on September 11, 2006 
indicated that the latter three US patents were considered pertinent to the disclosures of present 
application although not relied upon at that time, the disclosure of Beachy et al '970, and its 
application in the present rejection are seen to be substantially cumulative of the previous 
rejections on Dudek et al '5 16 that have already been overcome. The Office Action does not 
identify a non-cumulative basis for switching to the Beachy et al '970 document to formulate the 
current rejection. The rejection is therefore objected to as unnecessarily duplicative and 
unseasonably presented. 

Despite this objection, the rejection is dealt with herein on the merits. However, in 
an effort to avoid possible further prosecution delays involving this group of documents, the 
teachings of Beachy et al '970 will be analyzed here in conjunction with the teachings of other 
mentioned US patents. Reference will be made in addition to the international patent application 
published as WO 99/52534. The US 6432970 and WO 99/52534 have the same inventors, claim 
to the same priority data and have largely overlapping (nearly identical) disclosures. 
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B. Beachy et al's Teachings Taken As A Whole 

Beachy et al '970, like Dudek et al '516, Dudek et al '388, Beachy et al '216 and 
WO 99/52534, is an omnibus disclosure pertaining to a "subject method" that comprises 
administration of a regulator of Hh pathway to a cell in vitro or in vivo. An unlimited number of 
compounds are disclosed that may act as agonist or antagonist of Hh signaling (see US 6432970, 
column 9, lines 4-6 and column 19, line 22 to column 29, line 32). Besides the unlimited number 
of compounds that are disclosed, all four of the above-mentioned US patents and WO 99/52534 
disclose a similar or nearly identical long list of highly heterogenous conditions that are allegedly 
treatable by the "subject method" employing a "subject compound". The conditions that are 
taught to be treated by the "subject method" include conditions that are poorly defined or 
undefined (" . . . methods of the present include ... the regulation of . . . lung, liver . . . etc"; see US 
6432970, column 8, lines 38-48). Thus, except when a clarification is made (or can be inferred) as 
to which subject compound is to be used and what effect may be expected by the application of 
"subject method" in a specific condition, the disclosures are ambiguous. The ambiguity and lack of 
enablement is compounded by the fact that the unsupported disclosures (i.e. those that are not 
supported by experimental data or by reference to findings in scientific literature) are made 
commonly using unspecific verbs (uninformative in context) and/or are self-contradicting (see 
below). The teaching is also inoperative in entire categories of disclosed conditions and the 
attainment of a therapeutic effect by the described method is simply not possible. 



specifically teaches that the subject method employing an antagonist of Hh signaling is to be used 
in treatment of traumatic injuries of nervous system, of multiple sclerosis and of related disorders. 
However, it is now well established that Hh signaling is required for the remyelination of neurons 
in demyelinating nervous system disorders, including multiple sclerosis, related demyelinating 
diseases and trauma to neurons. Consequently, it is the administration of an upregulator (agonist) 
of Hh signaling that provides therapeutic effect in these conditions and the administration of a Hh 
antagonist would cause rather worsening of said disorders (see e.g. the scientific publication cited 
on page 11, first paragraph of the RCE With Amendment that was filed in this application on 
March 9, 2006). In accord, administration of a specific antagonist of Hh signaling (cyclopamine) 
to rats following traumatic injury of axons caused loss of the injured neurons in a dose-dependent 



For example, Beachy et al '970 (column 32, line 61 to column 33, line 9) 
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fashion (Akazawa C et al, The Journal of Neuroscience 2004;24:7923-7930; a copy is filed 
herewith). 

Similarly, with regard to the effects of administration of a specific antagonist of Hh 
signaling on proliferation of cells in an animal, it has been well documented that different cell 
types respond differently and that the proliferation of some cells is stimulated while proliferation 
of some other cells is inhibited in the same animal (see e.g. page 11, second paragraph of the RCE 
With Amendment filed in this application on March 9, 2006 and the scientific publications cited 
therein). Further, whereas the claimed method in Beachy et al '970 teaches administration to "... 
a patient diagnosed with a hyperproliferative disorder ... a purified hedgehog antagonist in a 
sufficient amount to reduce the activation of the hedgehog-patched pathway in a cell of the 
patient" (see claims 1-6; see also column 44, lines 14-24), it has been described that the amount of 
a specific Hh antagonist that is required for inhibition of cellular proliferation is magnitudes 
greater than that is sufficient for inhibition of Hh signaling (~ 100 to ~ 1000 fold greater in two 
examples; see Romer JT et al, Cancer Cell 2004;6:229-240; a copy is filed herewith). It is thus 
clear that, even in absence of ambiguity of disclosure, an undue experimentation has to be carried 
out by a person skilled in the art to determine which teachings are operative and which ones are 
inoperative in Beachy et al '970 (and in Dudek et al '516, Dudek et al '388, Beachy et al '216 and 
WO 99/52534). 

C. Teachings on Cellular Differentiation 

The unsupported teachings in Beachy et al '970 are commonly ambiguous (hence 
uninformative) specifically with regard to the utility of "subject method" in achieving a desired 
cellular differentiation outcome. Cellular differentiation is said to be "affected" or "altered" or 
"changed" or "controlled" or "regulated" by the subject method employing a subject compound 
(see e.g. column 9, lines 8-15; column 29, lines 34-38; column 30, lines 3-4; column 30, lines 14- 
18; column 32, lines 4-8; column 33, lines 56-61). The preponderance of such unspecific verbs 
emphasizes the uninformative nature of related teachings. A similar preponderance of such 
unspecific words is seen also in Dudek et al '516, Dudek et al '388, Beachy et al '216 and WO 
99/52534 concerning the utility of subject method in obtaining a desired cellular differentiation 
outcome. 
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The disclosures concerning the utility of subject method employing a subject Hh 
antagonist are in addition directly self-contradicting concerning the effects on differentiation of 
epithelial cells. Thus, it is stated on column 41, lines 43-5 1 in Beachy et al '970 that a Hh 
antagonist can be used to induce differentiation of epithelial cells whereas it is stated on column 
39, lines 10-15 that a Hh antagonist can be used to inhibit differentiation of epithelial cells. These 
ambiguous and self-contradicting disclosures have no utility to the skilled person. Similarly, the 
teaching that is cited in the Office Action that "An effective amount of . . . a hedgehog antagonist 
. . . brings about ... a change in the rate of cell proliferation and/or state of differentiation of a cell 
and/or rate of survival of a cell" (Beachy et al '970, column 9, lines 8-15) may mean a change in 
the direction of inhibition or in the direction of induction of a differentiated state and therefore 
lacks utility to a person skilled in the art. 

Beachy et al '970 docs have teachings relating to Hh signaling effects on cellular 
differentiation which are based on the results of experiments described in said patent or in 
scientific publications cited therein. These teachings taken as a whole lead to the conclusion that 
the use of a Hh antagonist will inhibit cellular differentiation. 

The Hh family of proteins were discovered originally as inducers of differentiation 
of various cell types during development. An antagonist of Hh signaling would thus ordinarily be 
expected to act to inhibit said differentiation events. Table 1 , below, shows that the experimental 
findings that are described in US 6432970 commonly point to an inhibitory action of Hh 
antagonists on cellular differentiation. 

Table 1. The Supported Teachings In The US Patent 6432970 Teach That The "Subject Method" 
Employing An Antagonist Of Hh Signaling Will Produce An Inhibition Of Differentiation Effect 

Column and Lines Teaching 

Col. 2, lines 62-63 "... Shh . . . induce ventral cell fates" (references are given) 

Col. 3, lines 4-12 "... Shh protein induces floorplate and motor neuron . . . antibody 

blocking suggests that Shh ... is required for . . . induction of motor 
neuron fates" (references are given) 



Col. 3, lines 39-42 



"... filter barrier experiments suggest that Shh mediates the induction 
of sclerotome directly" (reference is given) 
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Col. 5, lines 9-29 Referring to Fig. 3, describes induction of the floor plate and motor 

neurons by Shh and states that said inductions of differentiation are 
fully inhibited by sufficiently high concentrations of cyclopamine or 
jervine. 

Col. 6, lines 22-49 Referring to Fig.6, describes induction of the floor plate and motor 

neurons by the Shh-N protein and states that said inductions of 
differentiation are "completely blocked" by sufficiently high 
concentrations of cyclopamine or jervine. 

Col. 39, line 65 to "... Ihh . . . promote . . . photoreceptor differentiation" (reference is 

Col. 40, line 2 given) 

Col. 40, lines 3-10 "... treatment . . . with . . . Sonic hedgehog protein results in an 

increase in . . . rod photoreceptors, amacrine cells and Muller glial 
cells (reference is given) 

Col. 58, lines 12-19 "... cyclopamine and jervine ... a complete loss of HNF3P and Isl-1 

expression consistently caused by sufficiently high concentrations" 

Col. 60, lines 4-17 "... Shh-N protein . . . induces ventral markers such as Isl- 1 and 

HNF3P . . . teratogenic compounds are able to block . . . induction of 
Isl-1 andHNF3p" 

Col. 62, line 66 to "We have . . . demonstrated that these compound block the induction 

Col. 63, line 2 by Shh protein of ventral cell types" 



Beachy et al '970 has in addition the statement that "in light of the ... broad 
involvement of hedgehog proteins in the formation of ... differentiated tissues in vertebrates", the 
use of Hh proteins is contemplated for the generation of various vertebrate tissues in general 
(column 29, lines 39-45). Thus, what is shown experimentally and what is contemplated is the 
induction of differentiation of various vertebrate cell types by use of Hh signaling agonists and it is 
described that said differentiation events are inhibited by Hh signaling antagonists. 

Furthermore, the exemplification in Beachy et al '970 shows that the Sonic 
hedgehog protein (Shh) induces differentiation of medial neural plate cells to motor neurons as 
well as to floor plate cells and it describes an assay for determining effects of the compounds like 
jervine and cyclopamine (1 1-deoxojervine) on said induction of differentiation (see column 57, 



Application No. 10/682584 Amendment 
Page 12 Attorney Docket No. M67.2I-11341-US01 

line 67 to column 58, line 1 1). Using the developed assay, it is further shown that a complete 
inhibition of the induction of differentiation by Shh was "consistently caused by sufficiently high 
concentrations" of jervine or cyclopamine (see column 58, lines 12-19). Thus, Beachy et al '970 
explicitly teaches that an assay has been developed for determining the Hh signaling effects on 
induction of differentiation and that the experiments employing said assay show that 
administration of sufficiently high dosages of cyclopamine or jervine causes inhibition of Hh 
signaling as well as a complete inhibition of differentiation. Accordingly, it is clear that the 
technical effect taught to be obtained in said patent by the administration of a sufficiently high 
dosage of an inhibitor Hh signaling is an inhibition of differentiation effect. Consequently, the 
induction of differentiation effect by the administration of a sufficiently high dosage of 
cyclopamine (or of another inhibitor of Hh/Smo signaling) that is described in the present 
application cannot possibly be anticipated by Beachy et al '970. 



D. Teachings On Cell Survival/ Apoptosis 

The unsupported teachings in Beachy et al '970 about the effects of the subject 
method employing an antagonist of Hh signaling on apoptosis or cell survival are again ambiguous 
(uninformative). Thus, the teachings cited in the Office Action speak of "changing" or 
"modulating" survival of a cell by the subject method employing a subject Hh antagonist (column 
9, lines 8-14; column 29, lines 34-38). Since changing or modulating cell survival may mean 
increasing or decreasing it, the quoted teachings arc uninformative and have no utility to a person 
skilled in the art. 

Referring to the requirement of cellular proliferation for causation of cell death by 
cyctotoxic chemotherapeutics and by radiation therapy in conventional cancer therapies, Beachy 
et al '970 teaches specifically that the subject method using a Hh antagonist can be used to inhibit 
cellular proliferation and thereby to prevent apoptosis or programmed cell death "... because a 
hedgehog antagonist will often be cytostatic to epithelial cells rather than cytotoxic" (see column 
40, line 57 to column 41, line 1). In contrast to this general teaching about the expected effect of 
a hedgehog antagonist, an unsupported teaching in the same document (column 33, lines 24-26) 
states that Hh antagonists can be used to cause transformed cells to become apoptotic. The 
Office Action makes a reference to this latter statement. A person skilled in the art, when 
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presented with unsupported and contradictory teachings, would take into account the actual 
experimental data and evidence as a whole. Beachy et al '970 has two descriptions of actual 
experiments where a specific inhibitor of Hh signaling was administered onto tumor cells. In 
neither instance a description is made of the causation of tumor cell death by said administration. 
US 6432970 refers, on column 35, lines 46-59, to experiments where human lung cancer cells 
were treated with a specific inhibitor of Hh signaling. Despite causation of a marked inhibition of 
tumor cell proliferation by said treatment and despite the microscopic examination of 
proliferation-inhibited cells, no description of tumor cell death is found (see the cited Fujita E et 
al, Biochemical and Biophysical Research Communications 1997;238:658-664 article; a copy is 
filed herewith). In the other experiments described in Beachy et al '970 where an inhibitor of Hh 
signaling was administered onto tumor cells, liver cancer cells were treated with cyclopamine or 
with jervine (see column 68, lines 14-24). 

Other prior art documents and patents, including Dudek et al '388 and Beachy et al 
'216 also describe experiments where a specific inhibitor of Hh signaling was administered onto 
tumor cells, including the transformed cells exhibiting constitutive Hh signaling due to a lack of a 
functional patched allele. Beachy et al '216 and the international application WO 99/52534 have 
the same inventors as Beachy et al '970 and largely similar or identical disclosures. They describe 
experiments where the subject method employing cyclopamine was applied onto transformed cells 
exhibiting constitutive ly activated Hh signaling and teach explicitly that the use of subject method 
causing a marked inhibition of Hh signaling in said transformed cells did not cause cell death (see 
US 6867216, column 76, lines 24-33; WO 99/52534, page 102, lines 23-29). 

Dudek et al '388 describes experiments where brain tumor cells exhibiting 
constitutive activation of Hh signaling were treated with a specific inhibitor of Hh signaling 
(jervine or cyclopamine) in vitro as well as in vivo. Whereas the subject method employing a 
specific inhibitor of Hh signaling is described in this patent to produce strong inhibition of tumor 
cell proliferation, no description of a causation of tumor cell death is made even though the 
proliferation-inhibited tumor cells were examined microscopically (see US 6686388, column 63, 
line 56 to column 64, line 52). As explained in the 1/10/2007 dated Amendment filed in this 
application in analysis of the similar disclosures of Dudek et al '516, such microscopic 
examinations would allow detection of apoptosis. Furthermore, again as explained in said 
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Amendment, the dosage of cyclopamine that is described in US patents 6686388 and 6291516 
for producing inhibition of tumor growth in vivo is magnitudes lower than the dosages described 
later in independent scientific investigations to produce apoptosis of the same tumor cells and of 
similar other tumor cells in vivo. Still further, as documented in the 1/10/2007 dated Amendment, 
the attached Declaration and the scientific publications filed therewith, a minimal dosage of 
cyclopamine that is sufficient to produce inhibition of Hh signaling and inhibition of tumor cell 
proliferation is clearly insufficient to produce tumor cell apoptosis. 

In conclusion, it is clear that neither Beachy et al '970 nor the other prior art 
documents anticipate the presently described method that employs a specific inhibitor of Hh/Smo 
signaling to produce highly efficient and selective induction of apoptosis of tumor cells in vivo. It 
is further clear that the presently described technical effects were not inherently present in a prior 
art method using a specific inhibitor of Hh signaling. 

A scientific publication (Tas S, Melanoma Research 2006;16:S99) and an as yet 
unpublished manuscript by the first-named inventor in this application are filed herewith and 
demonstrate that the unprecedented efficiency and selectivity in vivo of the inductions of tumor 
cell differentiation and apoptosis that are described in this application are not irreproduciblc 
chance events. Rather, the causations of said technical effects are based on the solution of a 
fundamental difference between the normal and tumorigenic cells displaying stem cell features and 
the described method of treatment is a rational intervention designed to take advantage of said 
fundamental difference. 

E. Comments in The Office Action Concerning Anticipation 

Citing the disclosures in Beachy et al '970 that steroidal alkaloids including 
cyclopamine can be used to "inhibit the bioactivity of hedgehog proteins" (column 7, lines 50-54) 
and that a therapeutically-effective amount of a subject compound is defined as the amount 
"which is effective for producing some desired therapeutic effect by inhibiting a hedgehog 
signaling pathway in at least a subpopulation of cells in an animal and thereby blocking the 
biological consequences of that pathway in the treated cells" (column 45, lines 9-17), the Office 
Action states that US 6432970 anticipates inducing differentiation and apoptosis in a cell if the 
"biological consequence" of hedgehog signaling is inhibition of differentiation and apoptosis. 
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Speculation as to a possible biological consequence for a hypothetical cell has no 
enablement and has no place in anticipation analysis. A disclosure that allows for multiple 
therapeutic effects of a compound, and in that context teaches to use a therapeutically effective 
amount of the compound, does not thereby anticipate administering an amount which produces 
any specific one of those effects. This is because each one of those effects is not necessarily 
produced by an effective amount within that disclosure. SeeAmgen Inc. v Hoechst Marion 
Roussel Inc, 79 USPQ2d I 705 (Fed Cir 2006). Thus, US 6432970 is only relevant for 
anticipation purposes for the specific technical effects taught to be obtained in treatment of 
specific cells, or those which necessarily occur in the described treatment. 

A specific technical effect of the administration of an effective amount of an 
inhibitor of Hh signaling onto target cells that is taught in Beachy et al '970 to be consistently 
obtained is the inhibition of cellular differentiation that is normally induced by a Hh protein (see 
above, under the heading C. Teachings On Cellular Differentiation). The Office Action also 
points out to the teaching of Beachy et al '970 that Hh proteins specify cell identity in diverse 
systems (column 7, lines 8-12). Said teachings about the bioactivity of Hh proteins make it 
impossible to declare that Beachy et al '970 anticipates induction of differentiation of the target 
tumor cells by the administration of an effective amount of a Hh antagonist. 

Not all cell types in an animal respond similarly to the administration of a Hh 
antagonist and the specification of present application shows that inductions of differentiation and 
apoptosis are not consequences in all cells treated with cyclopamine. Normal, non-tumorigenic 
cells that are exposed to the same amount of cyclopamine as the tumor cells are not induced to 
undergo differentiation and apoptosis. Furthermore, it has been shown that a minimal dosage of a 
specific antagonist of Hh signaling that is sufficient to inhibit Hh signaling in the target tumor cells 
is insufficient to exert an inhibition of proliferation effect (see Romer JT et al, Cancer Cell 
2004;6:229-240). Still further, a minimal dosage of a specific antagonist of Hh signaling that is 
sufficient to inhibit proliferation of the target tumor cells is insufficient to exert an induction of 
apoptosis effect (see the Tas Declaration and attached scientific publications filed with the 
1/10/2007 dated Amendment in this application). Inhibitions of Hh signaling and of proliferation 
are "biological consequences" that do not meet the recitation of claim 33. Consequently, even if 
for the sake of argument the Beachy et al '970 is taken as disclosing treatment of tumor cells in an 



Application No. 10/682584 Amendment 
Page 16 Attorney Docket No. M67.2I-11341-US01 

effective amount for producing a "biological consequence," such would not be sufficient to 
constitute an anticipation of claim 33 as a matter of law. 

The Office Action also states on page 8 that "With respect to an effective amount 
of a compound, which reasonably correlates with the instantly claimed sufficient quantity, Beachy 
et al teach that an effective amount . . . brings about ... a change in the rate of cell proliferation 
and/or rate of survival of a cell . . . The reference thus reasonably anticipates inducing 
differentiation and apoptosis ... by administering a hedgehog antagonist". These quoted teachings 
mean that Beachy et al considers that any dosage that produces any effect is an effective amount. 

Since "a change in the rate of cell proliferation and/or the state of differentiation of 
a cell and/or rate of survival of a cell" literally encompasses an increase in cell survival, as a 
matter of law, Beachy et al do not "reasonably anticipate^] inducing differentiation and apoptosis 
(rate of survival) by administering a hedgehog antagonist." Inducing differentiation is merely one 
way in which a differentiation state may be altered. Inducing apoptosis is merely one way in 
which survival rate may be changed. Therefore the Office Action clearly errs in making this 
anticipation assertion. The Office Action has impermissibly relied upon possibilities, rather than 
specific or "necessarily present" consequences in the anticipation analysis. 

"A claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described, in a single prior art reference." Verdegaal Bros. v. 
Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). The 
identical invention must be shown in as complete detail as is contained in the ... claim." 
Richardson v. Suzuki Motor Co., 868 F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). 
"[T]o constitute an anticipation, all material elements recited in a claim must be found in one unit 
of prior art." In re Marshall , 578 F.2d 301, 304, 198 USPQ 344, 346 (CCPA 1978); Ex parte 
Gould 6USPQ2d 1680 (BdPatApp&Int 1987). See also, MPEP2131. Reliance on inherency 
in an anticipation analysis requires evidence that the missing descriptive matter is "necessarily 
present" in the thing described in the reference, and that it would be so recognized by persons of 
ordinary skill. MPEP §2131.01 (III); Continental Can Co. USA v. Monsanto Co., 948 F.2d 1264, 
1268, 20 USPQ2d 1746, 1749 (Fed. Cir. 1991). Inherency may not be established by 
probabilities or possibilities. The mere fact that a certain thing may result from a given set of 
circumstances is not sufficient. Continental Can, 948 F.2d at 1269, 20 USPQ.2d at 1749; In re 
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Robertson, 49 USPQ2d 1949, 1951 (Fed. Cir. 1999). 

Similarly, the teaching quoted from Beachy et al '970 at column 44 (lines 26-29) 
speaks of a dosage range of one million fold difference between the lowest and highest doses and 
follows immediately the teaching on the same column that the lowest dose effective to produce a 
therapeutic effect described therein is to be used (see lines 14-24). As already noted, the lowest 
dose effective to produce an inhibition of Hh signaling in the target tumor cells is insufficient to 
produce inhibition of proliferation (magnitudes difference) and the lowest dose sufficient to 
produce inhibition of proliferation is insufficient to produce induction of apoptosis (another 
magnitudes difference). It is thus clear that the presently described sufficient amount is 
necessarily different from the effective amount taught in prior art and it produces results 
unexpected in prior art. Consequently, Beachy et al '970 cannot be declared anticipating. 

F. Conclusion on Anticipation 

Consideration of the whole of the disclosure of Beachy et al '970 as well as of the 
entire prior art shows clearly that the presently described and claimed invention was unanticipated 
in prior art and was not inherently present in prior art. Withdrawal of the anticipation rejection on 
Beachy et al '970 is respectfully requested. 

Claim Rejections - 35 USC §103 

Claims 7 and 10 are rejected under 35 USC § 103 as being rendered obvious by 
Beachy et al '970. Applicant does not agree. 

Claims 7 and 10 are both dependent on claim 5, which in turn is dependent on 
claim 33. Beachy et al '970 does not meet the recitations of claim 33 for the reasons already 
given. Furthermore, objective evidence of the unobviousness of the invention has been presented 
in the 1/10/2007 dated Amendment filed in this application. Claims 7 and 10 depend from a claim 
that defines a novel and unobvious invention. They are thus allowable. Withdrawal of the 
obviousness rejection is respectfully requested. 

Conclusion 

In view of the foregoing amendments and remarks, the outstanding rejections are 
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Amendment 

Attorney Docket No. M67.2I-11341-US01 



seen to have been overcome. The presently claimed invention is novel and unobvious over the US 
patent 6432970 and entire prior art. It has brought a highly desirable solution to long-standing 
problems in tumor treatment. Withdrawal of the outstanding rejections and allowance of the 
application is respectfully requested. 



6109 Blue Circle Drive, Suite 2000 
Minnetonka, MN 55343-9185 
Telephone: (952) 563-3000 
Facsimile: (952) 563-3001 

f:\wpwork\wjs\l 1 34 lusO l_amd_200705 1 5 .doc 



Respectfully submitted, 

VIDAS, ARRETT & STEINKRAUS 



Date: June 11. 2007 



By: /Walter J. Steinkraus/ 
Walter J. Steinkraus 
Registration No.: 29592 



The Up regulated Expression of Sonic Hedgehog 10 Motor 
Neurons alter Rat Facial Nerve Axototm 



Conlml Axotomy | |> / 

I ,J. / 





N- :i>" 'ihh :if,d :>>(.«;;, in -nj 



AdV-iacZ AdV-Shh 




Suppression of the Shh pathway using a small rnoteoafe 
inhibitor eliminates rneciyyoblastema io Pfcl paa' ovce 




man 





can;: 



InvoKwmm of Son/a hedgehog m the Ca I Growth 

of LK-2 Cells, Human Lung Squamous Carcinoma Cells 

F.'sikis !k,kk.:;>7 Yoflko RU:>:rU<i;/ >: kSO.s UraseS Tos-OSsm; Txmykara a Manks > 
Hiromkik HaasauxvkU T&snika O;kemi:ir;0 Toshks SmokUj and Tsksnkd kkannr 



:«!-5 shif * > \ n;^ b<-xs> d*vf^f. t -.^ as 

* -xa N>- „>l x svniknnn: (BCa'Xs 

.exxn.kxx b<'-i:v%i?5::.f a xx.xa axixixxx:; kinXXxj 



nxxn knag xnnxmnxsx < a;x a annaa (LK-K -and xBaa a asxa 

&w.j* kis%f'k*s^ b da; dadaataxls r-.u wsi! toflf s 
sqMias^s<j«s > s * s nv.s^ ax nas: *n sin *i i a 

i kis;« dssssxxa s \ < x-adxsa ■ * anxsanaxd n;ad»n: 
| d Sana* h^getKSg <a>msd; v or 
I U X$ !Uv Uv.:> . ■ xxn sdandawa ax:x* xxd xxxnaa. 

| v\! S vK XXX > i» s 

mh - xn«aja i Xhaa: ii Snsd 



dx: and; bad.- and anidxxnnx ai axaa and 



oi da aan 



>\; ■ aaa^a >!• a: va->aa!A: 




A-aa aIaA aak;aA wsUs A 20 aDa Aaaa ;Asaa.= Saa N BiH 22 AA?\ B-iaaaBaaaa ABsArvAAAAAA SAA aaaa AAA 

kisieti aaaaaa (Fuysre 2A; Human BBh B7 km w;s positive h; ;h* aaaa: Ba;r >'.assaaaaa! avaa:- 

^AvAAaB in BK2 IaIB aaa BBC ; a>sB ivy i;->s.o-=.::3- i i:=l--h.:;. aBaa- aCa aaaa BBa vaaa ^^aaaa iA Oa- ABtAAiAAA <:s 

s * \- MR x < us% i iSNtK 

>:-AB 2 U^-u iBB i Bva ••<. • BaA N BiO ivB,A. aa ; aAaa? B; ;!;•■< Baaax:s «l si <a*B aaaaa a aaa.\ U a ?XK; a- 

if sBB auB BBC A aAA, auBaaBy ;xaav;aa o? tbs small BBgvs-e 1AI Ths> «A>vuBa:;aa At tbA Bid: AsAAAspArasAA: 

I;..:,-,- .'A i ? . A, A A! Bi A. A A! A: ?! .v' ^i .<•.: A'. !:: ■ A;. A Hh 5 -i 2A ' -A : 2 A 22 : • i A . A : t i i i ! A A >\ Hi : A ' AS ■ - 

aaavaa! in IB A aaBa Baaaaa 2A;i : aaaIa BBa vaa> ^spBw aaB c^Aoosna. RBR2 i iAA AAA BBC: 2 -xW-:- B' AA aa ? La 



llSEAfiCH 

An Internationa! Journal for Rapid Communication of Basic and Clinical Research in Melanoma 
Volume 16 Supplement 1 September 2006 

Abstracts of the Perspectives in Melanoma X and TheThird Annual International 
Melanoma Research Congress 
14-16 September 2006, Noordwijk,The Netherlands 



^-Lippincott 

Williams & Wilkins 

a Wolters Kluwer business 



www.melanomaresearch.com 



Full Text 

OVID 



Abstracts of the Perspectives in Melanoma X and The Third Annual International Melanoma Research Congress, 14-16 September 2006 S99 



confirm the role of p53 in the GSK3b-induced apoptosis 
of the melanoma cells. 

Results and Conclusions Incubation of melanoma cells 
with increasing concentrations of DW1/2 (3nmol/l- 
3|imol/l) for 72 h led to concentration-dependent reduc- 
tion of growth (IC50 ~300nmol/l). Mechanistic studies 
showed that DW1/2 induced apoptosis in the melanoma 
cells via the intrinsic pathway and was associated with 
mitochondrial depolarization, caspase/PARP cleavage and 
induction of NOXA. Parallel experiments revealed little 
apoptosis induction in primary human skin melanocytes. 
Other structurally unrelated GSK3b inhibitors, such as 
LiCl and SB216763, were also able to induce apoptosis in 
the melanoma cells. 

Using RNAi and pharmacological approaches, we demon- 
strated that p53 was required for the cytotoxic effects of 
the DW1/2. The DW1/2 compound was unable to induce 
cell death in melanoma cells with p53 mutations, further 
confirming the requirement for wild-type p53 in the 
cytotoxic effects of the GSK3b inhibition. The effect of 
p53 in DWl/2-induced cell death was not simply due to 
passive upregulation of protein expression as adenoviral- 
mediated overexpression of p.S3 was not able to induce 
apoptosis in the melanoma cells. Treatment of melanoma 
celTrwrtH'DWITZ'was instead found to decrease levels of 
the p53 repressors, Mdm2 and Mdm4. The importance of 
Mdm2 downregulation in DW1/2 induced apoptosis was 
confirmed by treating the p53 wild-type cells with the 
p53/Mdm2 antagonist Nutlin-3. Taken together, our data 
provide a new strategy for the pharmacological activation 
of p53 in melanoma, which may be a viable approach for 
overcoming apoptotic resistance in melanoma, and offer 
new hope for rational melanoma therapy. 

ABS-0182 

Mechanism-based treatment of tumors 
S. Tas 

S.H. Tuncel Caddesi No. 36, Bor 51700, Turkey 

A somatic stem cell resides normally in a niche where its 
self-renewal and survival is supported. Capability of a 
stem cell for asymmetric division is affected by a number 
of means, including the physical orientation of stem and 
support cells allowing only one orientation of the stem 
cell mitotic spindle. A growing body of evidence points 
out to the existence of tumorigenic stem cells having 
genetic/epigenetic changes that predispose to the growth 
of tissue (tumor) in which the proportion of cells with 
less differentiated features and greater resistance to 
apoptosis is increased in comparison with normal tissue. 

We have described induction of the differentiation and 
apoptosis of tumor cells with efficiency and selectivity in 



vivo by use of an inhibitor of Hedgehog/Smoothened 
(Hh/Smo) signaling and the causation of rapid regression 
and disappearance of treated skin tumors (Tas S, Avci O. 
Eur J Dermatol 2004; 14:96-102). Hedgehog proteins 
appear to play an essential role in the maintenance of 
stem cells. Yet we have shown that normal tissue cells, 
including the putative stem cells in hair follicles, are well 
preserved under the conditions causing differentiation of 
practically all tumor cells. Another instructive finding is 
that the tumor cells that are induced to differentiate 
beyond a critical stage do not resume proliferation when 
the treatment is discontinued. It has been shown that, 
whereas the inhibition of tumor cell proliferation can be a 
consequence of the induction of tumor cell differentia- 
tion, a dosage of an Hh/Smo signaling inhibitor that 
causes inhibition of tumor cell proliferation does not 
necessarily induce tumor cell differentiation or apoptosis. 
Utilization of Hh/Smo signaling for several physiological 
functions in a patient may present a challenge in clinical 
practice. However, various considerations suggest that 
the anti-tumoral selectivity and efficacy that have been 
described (Tas S, Avci O, Eur J Dermatol 2004; 14:96- 
102) can be attained in general. Tumorigenic stem cells, 
unlike their normal counterparts, may be compromised iri' ! 
terms of proper orientation and adhesions with niche 
support cells and appear to rely more on the genetic/ 
cpigenetic changes of the Hh/Smo signaling components 
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Smo signaling for the maintenance of tumorigenic cells 
displaying stem cell features. 

ABS-0183 

Functional genomics of calcium channels in 
human melanoma cells 

J. Timar 1 , T. Deli 2 , A. Adam 1 , L. Csernoch 2 

'National Institute of Oncology, department of Physiology, University of 
Debrecen 

Calcium (Ca 2 " (-signaling of human melanoma is in the 
focus of intensive research since the identification of the 
role of WNT-signaling in melanogenesis. Genomic and 
functional studies pointed to the important role of various 
Ca 2+ channels in melanoma, but these data were contra- 
dictory. In the present study, we clearly demonstrate, in a 
number of different ways including microarray analysis, 
polymerase chain reaction (PCR), DNA sequencing and 
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ABSTRACT : 

Despite countermeasures, cellular proliferation increases the probability of mutation, crossing-over and 
gene-conversion events. Genetic stability is adversely affected also by alterations of chromatin structure 
associated with cellular differentiation. Having infrequently dividing stem cells that are kept in an 
undifferentiated state and maintaining soma through progenitor cells that differentiate while proliferating 
transiently is therefore an evolutionarily conserved strategy. As attested by the increased occurrence of 
tumors with aging, however, various means and strategies of improving genetic stability are incapable of 
preventing or fully repairing genetic damage. Unlike normal stem cells, tumor cells are independent of an 
anatomically defined niche as a consequence of the genetic and epigenetic changes they have acquired 
during tumorigenesis. Here I show that the very same essential changes that lead to the formation of a 
tumor render the tumor cells vulnerable and can be taken of advantage in treating tumors effectively. 

Key Words : Apoptosis, Differentiation, Hedgehog, Niche, Tumorigenesis 
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Occurrence of an oxidizing environment on earth, within which the predecessors of present day 
multicellular organisms have arisen [1], and an error-prone gene replication machinery increase the 
mutation rate and genetic diversity upon which evolutionary selection may operate. Sexual reproduction, 
wherein pre-existing allele combinations are inevitably broken at each generation, contributes further to 
genetic diversity. Whereas a certain degree of errors in reproduction of genetic material may facilitate 
evolution, it is obvious that there is also a need for the limitation of such errors for preservation of 
advantageous genes and sequences in genome. Effective means of repair of DNA damage are known to 
be available to the germline during meiosis [2,3] and various means of improving genetic stability in 
somatic cells appear to have occurred during the evolution of longer lived organisms [4,5]. 

Organismal aging is associated with occurrence of increased frequencies of genetic and epigenetic 
changes in somatic cells [3, 6-9]. Among the various consequences of these changes, a marked age- 
dependent increase in tumor frequency is well documented [6-9]. Thus, the various strategies and means 
of even the most advanced of present day organisms are far from being capable of fully preventing and/or 
repairing the damage to genetic material in somatic cells. Here I show that the essential changes leading 
to the formation of a tumor can be taken of advantage in treating tumors effectively. 

Utilization Of Infrequently Dividing Stem Cells Capable Of Giving Rise To Transiently 
Proliferating Differentiation-Committed Progeny Is A General Strategy In Maintenance Of 
Soma 

That an error-prone gene replication and maintenance machinery may provide advantages in 
adaptation to changing environmental conditions but is disadvantageous in the maintenance and 
functioning of soma appears to have been dealt in the long lived organisms by the evolution of better 
damage prevention and repair mechanisms [4,5]. In addition, existence of infrequently dividing stem cells 
that are capable of giving rise upon demand to the differentiation-committed, transiently proliferating 
progeny (i.e., the progenitor cells and their descendents) would serve to decrease probability of 
tumorigenesis. Although various mechanisms that delay or inhibit proliferation of the cells with DNA 
damage act against fixation of damage as mutation, the mutation, crossing-over and gene-conversion 



events certainly take place during mitosis [10]. Available estimates of the frequencies of such events show 
that genetic changes may accumulate in the more mature cells to functionally relevant levels, particularly in 
those cell lineages requiring large numbers of mitoses from the stem to mature cell [10,1 1]. A general 
strategy evolved at the face of this situation appears to be limitation of the proliferation potential of the 
differentiation-committed daughter cell of an asymmetrically dividing stem cell (see below). Elimination by 
programmed death is an additional strategy that is particularly evident in those cell types that are subjected 
to increased damaging of DNA under physiological or pathological circumstances (e.g. granulocytes). 

First critical events towards limitation of proliferation potential may take place already in the 
differentiation-committed daughter cell of a stem cell. Thus, it is well documented in embryonal stem cells 
that induction of differentiation is accompanied by a rapid repression of telomerase reverse transcriptase 
(TERT) [12,13]. This would allow proliferation of the differentiation-committed cells but would place 
normally an ultimate limit on proliferation. Besides an infrequent division, stem cells are found to have 
additional advantages in protection of genomic integrity. Thus, stem cells have in general not only better 
protection against the occurrence of DNA damage (e.g. more effective prevention of oxidative damage) 
[13] but also more efficient repair of damage in comparison to their differentiated progeny [13,14]. 
Alterations of chromatin structure that are associated with differentiation and the loss of telomerase activity 
appear to place constraints on DNA repair processes [15]. 

Stem cells in an organism are found typically in niches that support their maintenance and that also 
contribute to the regulation of stem cell proliferation and differentiation. In Drosophila, the germ line stem 
cells exist adjacent to the niche support cells and make adherens junctions with some of them [16-18]. 
High concentrations of the Drosophila homologue of APC (adenomatous polyposis coli) protein exist in 
these adherens junctions along with E-Cadherin and (3-Catenin and may help formation of mitotic spindle in 
stem cell in only one orientation [17,18]. Thus, orientation of mitotic spindle orthogonally to the supporting 
niche cell provides a mechanism whereby one of the daughter cells is expelled out of the niche. The 
daughter cell expelled from the niche is found to be committed to differentiation while the daughter 
remaining in the niche can be maintained as a stem cell [17,18]. Studies in higher organisms are as yet 
limited but available evidence is consistent with the existence of similar mechanisms in them as well [18]. 
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Careful experiments with another stem cell type in Drosophila have provided further insight into the 
regulation of differentiation of a stem cell [19]. The neuroblast, derived from the neural epithelium, displays 
stem cell features and divides asymmetrically to give rise to a differentiation-committed daughter cell (the 
ganglion mother cell-1-1A, GMC-1-1A) and another neuroblast (neuroblast-1-1A) [19]. In the 
asymmetrically dividing neuroblast, the cell fate determining protein Prospero is found localized to the 
basal side and the mitotic spindle is oriented in the basal to apical orientation. In this case, only the 
differentiation-committed daughter cell (GMC) receives the Prospero [19]. A homeo-domain containing 
protein of drosophila, Eve, is dependent on Prospero for expression and is expressed in the GMC lineage, 
but only after the GMC-1-1 A proliferates [19]. By use of a specific inhibitor of DNA replication (aphidicolin), 
it was demonstrated that expression of Eve is absolutely dependent on the proliferation of GMC-1-1 A and 
that Eve is expressed only after the cell progresses through S phase [19]. This progression through S 
phase is required for the chromatin of the gene for Eve to be remodeled so as to enable expression of Eve 
[19]. An absolute dependence of cellular differentiation on proliferation is found with several other cell 
types as well [20-22]. Greater accessibility of DNA in chromatin during replication and the opportunity 
provided for chromatin remodeling appear to be fundamental reasons for the proliferation-dependent 
differentiation [19, 21-23]. Eukaryotic genome and chromatin structure (which preceded the evolution of 
differentiated multicellularity) provide means of stable epigenetic inheritance of gene expression patterns, 
including through the differential accessibility of promoter and enhancer sequences [23]. Cellular 
proliferation thus provides an opportunity for differentiation utilized commonly by progenitor cells [20,21]. 

Features and mechanisms of action of signaling molecules acting on stem cells and on their 
differentiating progeny support again the interpretation that stem cell proliferation is sought to be kept to a 
necessary minimum and that the cells needed for maintenance of soma are provided principally through 
the proliferation of progenitor cells and of their descendants (which may differentiate while proliferating). A 
relatively small number of signaling molecules are found to act similarly on stem cells and on their 
immediate progeny in different organisms. As noted below, the pathways of signal transduction by these 
molecules can interact (a network may be a more proper term) and they may act jointly in the generation of 
a particular phenotype. Thus the responses to some of these signals can be context-dependent. Selected 
signals and their interactions that are informative about the functioning of stem cells are considered herein. 
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Wnt/p-Catenin Signaling 

Binding of a Wnt family protein to its receptor complex on a cell commonly initiates a series of events 
culminating in the translocation of p-catenin to the cell nucleus to bind with TCF/LEF family transcription 
factors to the target genes to affect transcription [24]. The canonical Wnt/p-catenin signaling appears to 
function primarily to support proliferation of the differentiation-committed progeny of stem cells, i.e. the 
progenitor cells and their descendents. In hydra, which are among the earliest multicellular organisms, 
Wnt/p-catenin signaling is employed in generation of increased numbers of differentiated cells from the 
stem cell pool [25]. In higher organisms Wnt/p-catenin signaling is employed similarly in the proliferation of 
progenitor cells, which typically differentiate along a lineage while proliferating [26-28]. In hair follicles, 
Wnt/p-catenin signaling is found to upregulate expressions of a large number of proliferation promoting 
genes (15 or more) in the cells exiting the stem cell compartment [27]. Responses to Wnt/p-catenin 
signaling can be modulated powerfully by co-existing signals and previous exposures of cell [29]. In 
intestines, the enterocytes at the lumenal end are terminally differentiated under normal circumstances and 
have a relatively short lifespan before being shed or removed by apoptosis to give way to the upcoming 
cells from lower regions of crypt [24]. The crypt bases host stem cells and in situ analyses show that 
highest Wnt/p-catenin signaling activity exists near the crypt bases along with proliferative activity [24,30]. 
Reciprocal signaling between the epithelial and mesenchymal cells appear to be utilized in downregulation 
of Wnt/p-catenin signaling as well as of proliferation in the enterocytes towards lumenal side [24,30]. 

Role of Wnt/p-catenin signaling in stem cells has been relatively difficult to elucidate due in part to the 
context-dependence of cellular responses to said signaling and to the existence of numerous Wnt family 
proteins, even in Drosophila. However, available data is consistent with the interpretation that canonical 
Wnt/p-catenin signaling, if anything, is insufficient for the maintenance of stem cells and that the 
upregulation of said signaling serves primarily for the proliferation of differentiation-committed progeny of 
stem cells (cf, ref. 31). Wnt/p-catenin signaling can be a direct target of the Hedgehog/Smoothened 
(Hh/Smo) signaling. Genetic and functional investigations in Drosophila demonstrate that Ci, which 
mediates the intranuclear actions of Hh/Smo signaling, causes upregulation of Wg expression when the 
target cell receives Hh [32,33]. Furthermore, loss of Hh/Smo signaling causes loss of Wg-dependent 
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phenotypes [33]. Hh/Smo signaling may modulate the Wnt/p-catenin signaling dependent phenotypes also 
indirectly, e.g. through TGF-(3/Bmp signaling [34]. 

Hedgehog/Smoothened Signaling 

The gene for Hedgehog (Hh) was identified first in Drosophila through its effects on embryo polarity. 
Involvement of Hh in embryo patterning as a direct inducer of differentiation of various cell types in a 
concentration-dependent manner and also as inducer of expression of diffusable intermediaries is well 
established [35]. In Drosophila, signaling by Hh is initiated by the binding of Hh to a membrane protein, 
Patched, which exerts an inhibitory action on another membrane protein, Smoothened (Smo), when 
unliganded [35], Binding of Hh to Patched relieves its inhibitory action on Smo, which then initiates a series 
of events that result in the translocation of a bifunctional protein, Ci, to the cell nucleus [35]. In the absence 
of signaling by Hh, Ci is processed proteolytically to generate a transcriptional repressor [35]. Signaling by 
Hh causes inhibition of phosphorylation of specific amino acids on Ci to inhibit proteolysis and, when the 
amount of Hh reaching to the cell is sufficiently high, freeing of the full length Ci from the proteins that keep 
it out of nucleus [35]. Full length Ci acts in the cell nucleus as a transcriptional activator of the target genes 
having a consensus sequence for Ci binding [35]. General features of this signaling are found conserved in 
most multicellular organisms, although the signaling gets more complex in higher organisms [35]. For 
example, in human three different Hh proteins, Sonic hedgehog (Shh), Indian hedgehog (Ihh) and Desert 
hedgehog (Dhh) exist and have distinct functions [35], Similarly, three different homologues of Ci have 
been identified in vertebrates (Gli1, GN2 and Gli3) along with additional regulatory proteins that exist 
upstream of Gli proteins [35]. The additional means of regulation of Hh/Smo signaling would serve the 
needs of more complex higher organisms. Hh /Smo signaling plays in this respect essential roles in the 
formation and functioning of central nervous system and Shh appears to have experienced intensified 
evolution in primates, particularly in the lineage leading to humans [36], 

Hh/Smo signaling has features that facilitates its amplification as well as extinguishment depending on 
the needs of organism. For example, at least Gli1 and Gli3 are themselves transcriptional targets of 
Hh/Smo signaling and provide potential of signal amplification [35]. In addition, the gene for Patched also 



has a functional Gli binding sequence in its promoter region and the arrival of a Hh protein onto a target 
cell commonly causes increased expression of Patched [35,37], The upregulation of Patched expression 
by Hh/Smo signaling creates a situation that is highly suited for the patterned differentiation of cells during 
development and in postnatal life. It makes Hh/Smo signaling suited as a master regulator in that regard. 
Patched is known to bind the extracellularly secreted Hh protein and to limit its domain of diffusion and, 
when a ligand is lacking, Patched inhibits Smo potently [35]. Thus, the initiation of signaling by a Hh protein 
initiates, at the same time, the events that can supply a protein that is capable of preventing the unchecked 
expansion of signaling both spatially (in the tissue) and temporally (in the cell). This is a feature that is 
particularly relevant since Hh proteins can impart different fates on cells depending on their concentration 
and also depending on the duration of exposure of cell to a Hh protein [38]. There is accumulating 
evidence that the diffusion range of secreted Hh proteins is regulated by additional means as well, e.g. by 
extracellular proteoglycans, the synthesis and deposition of which are affected by Hh/Smo signaling 
[39,40]. 

In both Drosophila and vertebrates, reciprocal signaling in tissues between the Hh producing cells and 
target cells is an additional means of regulating Hh/expression and also the tissue responses to the effects 
of downstream targets of Hh/Smo signaling. For example, in both the developing limb bud and tooth germ, 
mesenchymal cells near the Shh producing ectodermal/epithelial cells show Hh/Smo signaling activity and 
these mesenchymal cells express Bmp4 as a result [41]. Crucially, the effect of Bmp4 on the Shh 
producing cells is concentration dependent. Both insufficient Bmp4 activity and too high Bmp4 
concentrations cause loss or inhibition of Shh expression in both the limb bud and tooth germ and both in 
vitro and in vivo [41]. Thus, there is a feedback regulation from the nearby cells on Shh producing cells. 
Diffusion of too high amounts of a Hh protein too far from the Hh producing cells is therefore unlikely to 
persist under normal circumstances. 

An essential requirement has been described for Hh/Smo signaling in proliferation of somatic stem cells 
in Drosophila ovary [42]. Similarly, placement of bone marrow cells on top of feeder cells engineered to 
express a Hh protein caused marked expansion of the cells having features of hematopoietic stem cells 
[43]. In Drosophila ovary, Hh producing cells are found adjacent to the stem cells, either in touch with them 
or localized a few cells away at a distance that is clearly within the diffusion range of Hh [44]. Thus, at least 
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in case of the well defined stem cell niches in Drosophila, the niche cells appear to provide stem cells with 
high concentrations of Hh. Despite the showing that proliferation of a somatic stem cell in its niche normally 
depends on provision of Hh signals [42], it is not known what factor(s) maintain the expression and 
secretion of Hh proteins by niche cells. However, a number of morphological, functional and genetic 
investigations in Drosophila point together to an attractive candidate. Engrailed (En) is a protein that is 
expressed in developing Drosophila embryo in a pattern overlapping and nearly identical with that of Hh 
[45] and is expressed in the adult Drosophila ovary in the same cells that also express Hh and create a 
niche for stem cells [44]. Whereas ectopic expression of either En or Hh in adult Drosophila ovary was 
unable to induce expression of the other [44], these findings do not exclude an interaction of en and hh in 
the niche cells towards the maintenance of high level expression and secretion of Hh by these ceils. For 
example, chromatin structure of the en and hh genes in the cells of adult ovary, other than in the niche 
cells, may render them unresponsive to the ectopically provided signal. Ectopic expression of Hh in the 
imaginal disc of developing Drosophila causes, in this respect, ectopic expression of En in the same cells 
and, furthermore, this En goes on to activate expression of the endogenous hh gene [46]. Indeed, 
structural and functional analyses of the en and hh genes and of their products along with their expression 
patterns strongly suggest that the product of en may be a key player not only in the maintenance of high 
level Hh expression by niche cells but also in preventing inappropriate responses to the high level Hh by 
these cells themselves. Thus, whereas En has a large repressor domain in accord with its known 
functioning as a repressor of several target genes, it can clearly function also as a transcriptional activator 
in the presence of suitable co-activators [47]. The genes activated by En include the en itself and hh [47]. 
Furthermore, En is found to act as a repressor of the genes for Patched and Ci [47]. These features 
appear to make En almost perfectly suited for the dual task of maintenance of high level Hh expression by 
the niche cells and, at the same time, prevention of inappropriate responses by these cells to Hh, e.g. in 
the form of proliferation through autocrine stimulation. 

Mechanism-Based Treatment Of Tumors 

Tumors are tissue growths in which the proportion of cells with less differentiated features and 
increased resistance to certain apoptotic stimuli is increased in comparison to normal tissue. Tumor cells 
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are typically heterogenous in their appearance as well as in their associations with other tissue 
components but within tumors there are often areas where tumor cells form structures resembling those in 
the normal tissue of origin [48]. Tumor cells displaying features of differentiation along a lineage are 
detectable in most tumors and both benign and malignant tumors can have terminally differentiated tumor 
cells (e.g. keratin pearls in squamous cell carcinoma) [48]. Thus, occasional cells in a population of tumor 
cells (which in general are genetically unstable) can be caused to differentiate by suitable external signals 
and cell-intrinsic features but this is typically inhibited in many other cells in a tumor. Studies in which 
clones of individual tumor cells are examined with and without prior exposure to an inducer of tumor cell 
differentiation together with the examinations of same cells in the presence and absence of a specific 
inhibitor of cellular proliferation show that the tumor cells that are committed to differentiation continue to 
proliferate for several cell cycles and that these tumor cell proliferations are absolutely necessary for the 
differentiation of tumor cells [49,50]. The tumor cells that are induced to differentiate are found to cease 
proliferation later on when they become terminally differentiated [49,50]. These findings, along with the 
considerations mentioned earlier concerning the basic strategies in multicellular organisms in maintenance 
of soma question rationality of the attempts at treatment of tumors by aiming inhibition of tumor cell 
proliferation perse. Not only that cessation of cellular proliferation can occur as a consequence of 
differentiation along a lineage (and this is an evolutionarily conserved strategy in multicellular organisms) 
but differentiation is often found depended on cellular proliferation, probably due in part to the opportunity 
provided for chromatin remodeling by replication. 

Probability of tumorigenesis increases with organismal aging in association with the age-related 
increase in frequencies of mutations (nucleotide sequence changes) and epigenetic changes in somatic 
cells [6,9]. The genetic/epigenetic changes associated with tumorigenesis are found to promote tumor 
growth commonly by causing activation of a proliferation signal, an arrest along a differentiation path 
and/or by inhibition of apoptosis [51]. Typically, the probability of occurrence of such genetic/epigenetic 
changes is increased by other genetic/epigenetic changes that cause decrease of genetic stability in tumor 
cells [52,53]. Such genetic instability and the selective pressure in normal tissues may lead to the evolution 
of tumor cells that are even less responsive to the normal tissue signals at later stages of tumorigenesis. 
Tumors appear to develop due to the arisal of cells that are resisting to the differentiation signals from 
normal tissue and that are proliferating even in the absence of a stimulatory signal from therein because of 
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the genetic and epigenetic changes they have acquired. 

Whereas stem cell niches have in general been characterized incompletely, available evidence is 
consistent with an essential role of Hh/Smo signaling in the maintenance of stem cells in their niches. 
Drosophila ovary has perhaps the best characterized niches and, as already noted, special arrangements 
appear to exist therein to provide stem cells with high concentrations of Hh. The differentiation committed 
daughter cell of an asymmetrically dividing stem cell and its immediate progeny, however, are also within a 
range of diffusion of Hh from the Hh producing cells. Thus, the proliferating and simultaneously 
differentiating progenitor cells and their progeny are likely to be exposed to a gradient of Hh concentration, 
highest near the stem cell and lower further away from the niche. Defining features of stem cells include an 
infrequent division and being kept in an undifferentiated state. How the decisions concerning stem cell 
division are made is not clear but the translocation of p-catenin to the cell nucleus and the activation of 
Wnt/p-catenin signaling seems to be a plausible signal. As for the maintenance of an undifferentiated state, 
Hh/Smo signaling appears well suited. Hh at relatively high concentrations in and immediately around the 
niche may maintain the stem cell and may prevent premature differentiation of progenitor cells therein, 
whereas the relatively lower Hh concentrations further away may coincide with the appearance of 
differentiated progeny. In this respect, we have found that antibodies (BerEP4 and C8/144B) that label the 
hair follicle outer root sheath, occasional epidermal basal layer cells and the undifferentiated basal cell 
carcinoma (BCC) cells show a clear gradient pattern of labeling of the BCC nodules that are exposed to a 
specific inhibitor of Hh/Smo signaling (cyclopamine) by diffusion from one side [40]. In other studies, these 
antibodies marked the label retaining cells (presumptive stem cells) and undifferentiated progenitor cells in 
the hair follicle outer root sheath [54] and the BCC cells were found to display features of stem cells [55], 

Constitutively increased Hh/Smo signaling is found in all BCC's as a result of the loss-of-function 
mutations of patched and/or gain-of-function mutations of smo [56, 57]. Similarly, constitutive or 
inappropriately increased Hh/Smo signaling activity is found in a wide variety of human tumors which 
apparently do so through similar means and/or through expression of a Hh protein causing 
autocrine/paracrine stimulation [58-64]. Tumor cells in all these tumors thus appear to have become 
independent of an anatomically defined niche by making their own Hh protein and/or as a result of 
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constitutive ligand-free Hh/Smo signaling. 

Dependence of tumor cells for inhibition of differentiation and for continued proliferation on the genetic 
and epigenetic changes that they have acquired, instead of a stem cell niche, provides an opportunity for 
treatment of tumors. We have shown that a specific inhibitor of Hh/Smo signaling (cyclopamine) can be 
used for inducing differentiation and apoptosis of tumor cells in vivo with efficiency and selectivity, causing 
rapid regression and disappearance of tumors and no clinically detectable adverse effects in patients 
[40,65]. In these investigations, an insufficient dosing of cyclopamine was found to leave behind 
undifferentiated tumor cells that could proliferate in the absence of treatment. A further instructive finding 
has been that the tumor cells that are induced to differentiate beyond a critical stage do not resume 
proliferation when treatment is discontinued [40]. Thus, cessation of tumor cell proliferation can indeed be 
obtained in vivo as a consequence of differentiation of tumor cells. With a sufficient dosing of cyclopamine, 
all tumor cells are caused to cease expressions of the proteins found in the putative epidermal/hair follicle 
stem cells [40,65]. Instead they upregulate expressions of the antigens known to be upregulated in the 
differentiating progeny of normal progenitor cells [40,65]. However, with these sufficient doses of 
cyclopamine, only a few residual tumor cells are found to express the antigens expressed normally by the 
more differentiated upper layer epidermal cells (detected e.g. by the Ulex Europaeus lectin type 1), 
evidently because most of the tumor cells that have started to express early markers of differentiation die 
by apoptosis, which is massive at sufficient doses [40,65]. Indeed, when the tumor regions exposed to 
relatively lower concentrations of cyclopamine are followed up for a few days without further treatment and 
then excised, frequencies of the cells displaying features of more differentiated progeny (including the 
keratin pearls) are increased [40]. Thus, it appears that the tumor cells that are induced to differentiate are 
rendered unable to survive when a sufficient dosage of cyclopamine is administered. Crucially, the normal 
tissue cells, including the putative normal stem cells, are well preserved at doses of cyclopamine causing 
rapid regression and disappearance of tumors [40,65]. Further, former treatment sites of skin onto which 
cyclopamine had been applied in similar or identical doses and were left unexcised show healthy looking 
normal skin and hair in long term follow up, consistent with the functional preservation of normal stem cells 
[40,66]. 



Whereas an absolute dependence of normal stem cells on Hh/Smo signaling [42] may be against the 
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use of an inhibitor of said signaling for treatment of tumors, our investigations have shown possibility of the 
use of cyclopamine for causing disappearance of tumors while sparing normal stem cells. There is good 
reason for attainment of similar efficacy and selectivity in general by adjusting the dosage to a level that is 
sufficient to induce tumor cell differentiation and apoptosis. The genetic and epigenetic changes that 
render tumor cells independent of a normal stem cell niche and the selection of these genetically unstable 
cells under circumstances of upregulated Hh/Smo signaling may render them highly vulnerable when the 
critical signaling that they rely upon is inhibited or eliminated for a sufficient duration by a suitable dosing of 
an inhibitor of Hh/Smo signaling. The same dosing is likely to cause some degree of inhibition of Hh/Smo 
signaling in the normal stem cells as well but these cells are supplied continuously with high concentrations 
of a Hh protein in their niches. The tumor cells residing in an environment away from a niche, on the other 
hand, would be rendered devoid of Hh/Smo signaling by a sufficient dosage of an inhibitor of said 
signaling. Therefore, a dosage of an inhibitor of Hh/Smo signaling that induces differentiation and 
apoptosis of the tumor cells may leave normal stem cells unharmed and they would recover from the 
effects of a possible transient inhibition of Hh/Smo signaling, owing to the continuous high level supply of a 
Hh protein by the niche support cells. 

Published studies wherein an inhibitor of Hh/Smo signaling is administered to a tumor bearing subject 
are limited at present. In a study with mice having medulloblastoma, Sanchez and Ruiz i Altaba reported 
that intraperitoneally administered cyclopamine caused inhibition of Hh/Smo signaling in the tumor cells 
residing in cerebellum and provided marked inhibition of tumor cell proliferation and of tumor growth along 
with improved cerebellar functions [67]. They reported further that a dosing or concentration of 
cyclopamine that caused significant inhibition of tumor cell proliferation in vivo or in vitro did not cause a 
significant change in tumor cell viability and that induction of tumor cell apoptosis required higher doses or 
longer periods of treatment [67]. These findings accord with ours. Administration of an inhibitor of Hh/Smo 
signaling beyond that sufficient for inducing tumor cell differentiation and apoptosis, on the other hand, 
would also be inadvisable. Although the amount of cyclopamine to be administered for a tumor could be 
determined without difficulty in our investigations (which is consistent with an advantageous 
efficacy/toxicity profile), employment of Hh/Smo signaling for a number of physiological functions in an 
adult [68,69] cautions against administration beyond what is needed. 
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Hh/Smo signaling can alter expressions of a large number of genes and be affected by numerous gene 
products [70]. Changes of expression in which of the potential target genes of Hh/Smo signaling are 
essential for the formation of a particular tumor or tumors in general is unknown at present. However, 
available evidence suggests that Hh/Smo signaling may indeed provide, through products of its direct 
target genes and through secondary intermediaries, the critical needs of a tumor for survival and growth. 
For example, Hh/Smo signaling has been well known to be employed for vasculogenesis and angiogenesis 
[71-73]. Similarly, expressions of a number of gene products known to be used for the undifferentiated 
maintenance of stem cells are upregulated by Hh/Smo signaling [74-76]. Modulators of the functions of 
some of these downstream targets and of upstream regulators of Hh/Smo signaling may also find 
beneficial use in treatment of tumors in certain settings. However, the utilization profile of a potential target 
for various functions in an organism generally limits the possibility of a therapeutic window. Intervention 
directly with Hh/Smo signaling with an aim to induce differentiation and apoptosis of tumor cells, on the 
other hand, appears to hold distinct advantages in treatment of tumors. 
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